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Estimation of immunoglobulin levels after incubation of normal serum with 10 samples of coal suggested that IgG might be selectively absorbed, and RF was absorbed in preference to normal serum proteins by dust samples which had not been coated with normal serum. Caplan (1953) described an association between rheumatoid arthritis and the presence of multiple well-defined opacities, 0 5 to 5 0 cm in diameter, in chest radiographs of coal workers, many of whom subsequently developed arthritis after periods as long as 10 years. A significant proportion of nonarthritic miners with characteristic radiological opacities were found to give positive results in rheumatoid factor (RF) tests (Caplan, Payne, and Withey, 1962) , and the association of complicated pneumoconiosis with rheumatoid arthritis was established by the epidemiological studies of Miall et al. (1953) . Wagner and McCormick (1967) showed that high levels of RF were present more often in coal miners with simple pneumoconiosis, early, moderate, and marked progressive massive fibrosis (PMF), and particularly Caplan's syndrome, than in a control group of non-miners. Payne (1963) showed that a batch of turbineground anthracite adsorbed about 6 mg of protein from whole human serum per gramme of dust. 287
Anthracite treated with normal human serum reduced the sensitized sheep cell agglutination test titres of four out of seven positive sera and reduced the latex fixation test titres of all of eight positive sera. Bovine albumin-treated anthracite had no significant effect on any serum, but bovine y globulin-treated anthracite reduced the sensitized sheep cell agglutination titres of four out of seven positive sera and markedly reduced the bovine y globulin latex fixation test titres of all eight positive sera. Normal human serum and bovine y globulin did not reduce the titres when added in the absence of coal dust. These findings suggested that the absorption of whole human serum, or a fraction of it, and of bovine y globulin on to the surface of anthracite dust particles could result in an alteration in the configuration of the protein molecules so that they become capable of reacting with RF. Hart and Aslett (1942) found that the incidence of simple and complicated pneumoconiosis was higher in men employed in anthracite mines than in bituminous mines. They concluded that disease incidence was related to the rank of coal (National Coal Board, 1964 ).
An examination of the absorption of human serum and IgG by coal samples of different rank and of the ability of the absorbed proteins to react with RF has been undertaken to test Payne's hypothesis and to discover whether or not protein absorption by coal particles is related to their rank. Samples of asbestos and silica dust of respirable size were used for comparison.
Materials and methods
Ten samples of turbine-ground coals were kindly provided by Dr. F. Pooley'; these are referred to as 'Barnsley' (rank 602); 'Big pit' (450); 'Daw mill' (800); 'Gedling' (802); 'Gellideg' (200), 'Kilmerston' (401); 'Meadow vein' (300); 'Pump quart' (100); 'Red vein' (300); and 'Trafalgar' (200). The average particle diameters of four of these coal samples (Barnsley, Daw mill, Meadow vein, and Pump quart, selected because of their wide range of coal ranks) were determined by optical microscopy using a micrometer eye-piece and the surface areas were computed.
The silica dust used was Microsil, while the asbestos dusts were the UICC standard reference samples comprising Rhodesian chrysotile (chrysotile A), Canadian chrysotile (chrysotile B), amosite, anthophyllite, and crocidolite.
Normal human serum was obtained by venepuncture from the investigators. Human IgG was prepared from Cohn fraction II by chromatography on a DEAEcellulose column, 2 5 x 60cm, equilibrated with 0*0175M phosphate buffer, pH 6 5. Samples of serum containing RF were kindly provided by Dr. J. N. McCormick2 and results presented are representative of the four samples studied.
A weighed sample of each dust was added to either 2 % or 10% normal serum in 0O-1M phosphate-buffered saline, pH 7A4, or to human IgG, 1-4 mg ml-'. The mixture was shaken and incubated at 37°C for 2 hours and stored overnight at 4°C. The dust and serum were separated by filtration under vacuum using filters of 450 mp pore size, and the protein concentration of the filtrate was determined by absorption at 280 mu. The value of optical density was then compared with that obtained from the normal serum to which no dust had been added. The optical densities were translated into protein concentrations using a Cohn fraction II standard.
Rates of absorption of serum proteins were measured by incubating weighed amounts of each dust (1 0 g of the four coal samples and 0-5 g of silica and the five asbestos samples), with 10 ml 2% normal serum at 37°C as described, but for a period of 30 minutes. At the end of this time each of the mixtures was filtered and the protein absorption was determined as before. Each serum sample was then re-incubated with the same sample of dust for further periods of 30 minutes.
'Mining Department, University College, Cardiff. 2Rheumatic Diseases Unit, Northern General Hospital, Edinburgh.
The serum-coated dust was washed by passing three 5-ml aliquots of 0O1M phosphate-buffered saline, pH 7 4, through the 450 m,u filter on which it had been collected and then it was incubated at 37°C for 2 hours and at 4°C overnight with a I in 10 dilution of the serum containing RF. After filtration of the mixture the protein concentration of the filtrate was determined from optical density measurements. The RF titre was evaluated by a sensitized sheep cell agglutination test (Ball, 1950) , using sheep erythrocytes coated with heat-denatured human IgG. Results were compared with those obtained from the same high titre serum sample to which coated dusts had not been added.
Protein eluted by the washing procedure was estimated by optical density measurements and the RF level was titrated after incubating serum-containing RF with the washings. Further coated dust samples were not washed before incubation with serum containing RF.
Each of the 10 samples of coal was also incubated with 001M phosphate-buffered normal serum, pH 7.4, and the immunoglobulin levels (IgG, IgA, and IgM) were determined using Hyland Immunoplates. RF levels were determined after incubating these samples of absorbed normal serum with serum containing RF.
Results Figure 1 shows the amount of serum protein absorbed when different weights of dust were incubated separately with 10 ml of 2% normal serum. For the coals, the amount of protein absorbed was proportional to the weight of coal, but this was not the case with silica or the asbestoses. The amount of protein absorbed by the four main coal samples was not related to their rank. Figure 2 shows the rate of absorption when a weighed amount of each dust was incubated at 37°C with 10 ml of 2 % buffered serum. For the silica and asbestos samples the absorption increased linearly with time, reaching a maximum after a period varying from 60 to 90 minutes; the rates of absorption of the coal samples were not constant at any time during the experiment.
It was considered that a number of incubations with fresh samples of normal serum would be required to produce fully coated particles; if the dusts were not saturated when incubated with serum containing RF, any reduction in titre could be due to non-specific protein absorption rather than a reaction of RF with altered serum protein. Two incubations with 2 % normal serum coated the amosite, crocidolite, and the four main coal samples so that no more protein was absorbed on the third occasion; this was not the case with silica, anthophyllite or the chrysotiles. On incubation with 10% serum, all the dusts absorbed further quantities of protein but five such incubations reduced the absorbing power to near zero (Fig. 3) .
Protein estimations on the samples of serum containing RF after incubation with washed dust particles indicated that although the dusts had been Dust (9) RF titres were less than the control unabsorbed serum containing RF, but this was possibly due to non-specific protein absorption after removing normal protein by the washing procedure. Table 3 shows that when samples of dust were coated with normal serum but not washed with buffer before incubation with serum containing RF, only small amounts of protein were absorbed and haemagglutination titres were the same as for the unabsorbed serum or were insignificantly reduced. There was no correlation between the amount of protein absorbed by three incubations with 10% normal serum and the rank of coal, even when account was taken of the surface area of the dust particles (Table 4) .
The amounts of protein absorbed by the dusts after three incubations with IgG (1-4 mg ml-') and the haemagglutination titres of serum containing RF after incubation with the coated dusts are shown in Table 5 . Once again there was no correlation between the rank of coal and the amount of protein absorbed and none of the dusts appeared to modify IgG to a form capable of reacting with RF. IgGcoated dusts were washed as before with 5-ml aliquots of phosphate-buffered saline but IgG was eluted in too small a concentration for the effect on RF to be measured. RF titres were the same as the control untreated serum or were reduced by only one titration tube.
Immunoglobulin levels in 1 ml of phosphate- (Payne, 1963) , and this finding led to the development of an hypothesis which attempted to explain the presence of RF in the serum of a large proportion of coal workers with pneumoconiosis. However, the present study does properties of the coal dusts were related, and it seems likely, therefore, that protein absorption and denaturation are not factors that account for the different incidences of pneumoconiosis in high and low rank coal mines reported by Hart and Aslett (1942) . Recent results have in fact indicated that there is no correlation between rank of coal and incidence of pneumoconiosis when the respirable mass of dust is taken into account (Jacobsen, Rae, Walton, and Rogan, 1971) .
Alternative hypotheses that might explain the increased occurrence of RF in coal workers with pneumoconiosis have recently been suggested: McCormick (1971) described ways in which an IgG-like antigen on the human basement membrane might be exposed as a result of non-specific lung damage and fibrosis, and this might lead to the formation of RF. Also, altered IgG present in the body might produce higher titres of RF if coal is also present, due to a similar adjuvant effect to that observed with silica particles (Askonas and Jaroskova, 1970) .
In vitro studies of protein absorption by coal and other inorganic dusts do not reproduce the situation in the lungs, where enzyme activity and cellular involvement, particularly ingestion by macrophages, may play a part in the production of RF, and the time-scale used experimentally hardly reflects the length of time dust may remain in the lungs. However, it is considered that denaturation of proteins to a form capable of reacting with RF does not occur under the experimental conditions employed in this study. 
